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no other living scholar had done more than he for 
the study of the “ Book of the Dead,” both by the 
publication of new material and by the interpretation 
and translation of the entire work. The present volume 
is unique in its own sphere, and no private individual or 
firm of publishers could have undertaken the respons¬ 
ibility of such a production. The Trustees have earned 
the gratitude of scholars by making so much new material 
available for general study, and they are to be congratu¬ 
lated on the production of a monumental work which 
worthily carries on the scholarly traditions attaching to 
the Museum at Bloomsbury. 


HAMIL TON’S Q UA TEUNIONS. 

Elements of Quaternions. By the late Sir W. R. 
Hamilton. Second edition. Vol. I. Edited by C. J. 
Joly. Pp. xxxiii + 583. (London: Longmans, Green, 
and Co., 1899.) 

OR many years Hamilton’s “ Lectures ” and “ Ele¬ 
ments ” have been out of print, and the ardent student 
of quaternions was oftentimes unable to secure a copy of 
either of these great classics. Prof. Tait’s treatise on qua¬ 
ternions is probably a better introduction for the beginner, 
who is more quickly brought into touch with the essential 
spirit of the method than he would be in Hamilton’s 
pages. But he must, some time or other—unless he be 
a second Hamilton—bathe his mathematical being in the 
inexhaustible streams of quaternion analysis and sym¬ 
bolism that flow from the great master’s mind. A second 
edition of Hamilton’s immortal work is therefore to be 
warmly welcomed. English-speaking students will now 
be able to study Hamilton freely without having recourse 
to French or German translations ; and it is our hope 
that the issue of this second edition will lead to a wider 
appreciation of the value of quaternions as a mathematical 
method peculiarly adapted to the geometry of space and 
general problems in dynamics. 

The new edition is printed by direction of the Board 
of Trinity College, Dublin, and is edited by Prof. Joly. 
In the larger size of page and larger and wider type 
there is a great improvement on the original form, 
although it has necessitated dividing the book into two 
volumes. The small print has been done away with 
altogether. This, in itself, no doubt is better for the 
reader ; but the advantage is lost that he can no longer 
discern at a glance what is illustration and particular 
from what is general and fundamental. For example, in 
the very important sections on the linear and vector 
function, one of the most beautiful of Hamilton’s cre¬ 
ations, the reader cannot pick out so readily as in the 
original edition the broad line along which the funda¬ 
mental properties of this function are developed. Many 
of the illustrations are really of the character of examples, 
such as Prof. Tait puts at the end of his different chapters. 
Printing these in the same style as the more important 
parts tends to give them a fictitious value, and to blurr 
the whole perspective of the book. 

The editor has added occasional notes to elucidate 
points which might appear obscure to the student. In 
some of these a different line of proof may be suggested, 
or they may simply amount to a reference to another 
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section. Prof. Joly has exercised this editorial function 
with judgment. One of the longest of these notes is 
appended to the chapter on the well-known i,j, k rela¬ 
tions, and brings out clearly the necessity for the neg¬ 
ative sign of the square of a vector, if the associative law 
in products is to hold. The system which is built on the 
assumption that i‘ l =--f- = k i = + 1 is ascribed to Mr. Oliver 
Heaviside. It ought, strictly speaking, to be ascribed 
to O’Brien, a contemporary of Hamilton’s. 

We are not called upon at this date to consider the 
merits of Hamilton’s great calculus. The objections 
taken to it by mathematicians great and small have been 
so curious and, in some cases, so puerile that we doubt if 
these critics have ever seriously set themselves to study 
its true character. One really eminent mathematician 
who had been fortunate enough to pick up a copy of 
Hamilton’s “ Lectures ” for a trifling sum, gladly trans¬ 
ferred his prize next day to a friend, remarking that the 
man must have been mad who invented quaternions, for 
he made two sides of a triangle equal to the third side ! 
Maxwell adopted the compact suggestive notation in his 
“Electricity and Magnetism” ; and many of the, trans¬ 
formations which are so necessary now-a-days in con¬ 
nection with electromagnetic waves, and take a page or 
two to effect in ordinary notation, are done almost by 
inspection by quaternion methods. Maxwell did not use 
the quaternion method, not because he regarded it as 
inferior to the notation, as one writer has with curious 
logic argued, but simply because the world was not ready 
for it. Let us hope that with this handsome re-issue of 
one of the most characteristic works of our century a 
renewed interest will be taken in the study of quaternions, 
so that in the near future operations and notations alike 
may be freely used in works on mathematical physics. 
Prof. Joly deserves the gratitude of all for his labour of 
love. When we remember the peculiar characteristics of 
Hamilton’s style, with its redundant italics and capitals, 
we realise the hardness of the task, the editor has set 
himself in reproducing to the letter (barring misprints) 
this great monumental work. 

One word in conclusion. Is no new edition of the 
“Lectures” to be brought out—or at any rate of 
Lecture vii., which is nearly as long as the other six put 
together ? A re-issue of Lecture vii., with perhaps an 
introductory chapter giving the fundamental principles 
of the calculus, would confer a boon on many students. 
In this so-called “ Lecture,” the great mathematician 
moves with a giant stride over the greater part of the 
whole field of geometry and dynamics. From it alone 
Tait drew his inspiration. C. G. K. 


OUR BOOK SHELF. 

A Short History of the Progress of Scientific Chemistry 
in our own Times. By Prof. W. A. Tilden. Pp. x + 276. 
(London: Longmans, Green, and Co., 1899.) 

In size and scope Prof. Tilden’s short history recalls. 
Wurtz’ brilliant little “History of Chemical Theory,” 
published thirty years ago. But whereas the key-note 
of Wurtz’ book was the “immortal memory” of La¬ 
voisier, and its main theme the vindication of French 
chemists contra mundum , the spirit of Dr. Tilden’s book, 
jies in its impartiality and sound judgment. In mode of 
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treatment, too, the authors differ. Wurtz, with more 
personal touches and controversial points, traces the 
main ideas of chemical combination from the time of 
Lavoisier continuously to his own ; Prof. Tilden, adopt¬ 
ing the more natural lecture method, has given us 
separate histories of the main lines of chemical progress 
during the Victorian era. We cannot doubt but that the 
student will find the modern book handier to consult, 
and sounder, though possibly less stimulating, than its 
predecessor. 

The difficult task of selection has been, on the whole, 
successfully met by Prof. Tilden. We can heartily com¬ 
mend for its lucid treatment the chapter on stereo¬ 
chemistry, and “the classification of the elements” for 
its historical completeness and common sense. 

The few slips we have observed are mainly printers 
errors, e.g. the date of the “Sceptical Chymist” is given 
as 1680 (p. 38). In the account of Dumas’ experiments 
on the composition of water, we are told that the reten¬ 
tion of hydrogen by the reduced copper was unsuspected 
in Dumas’ time (p. 80) ; but Dumas himself refers to this 
error in his original paper. Prof. Tilden repeats the 
usual derivation of gas, “ Gas = geist = spirit.” But since 
the publication of “Gas” in Dr. Murray’s Dictionary 
we thought the derivation from chaos had been accepted. 
Perhaps we may quote the full passage from Van Hel- 
mont, which occurs in the “ Progymnasma Meteori” 
(p. 69, ed. 1682): “Verum quia aqua in vaporem, per 
frigus delata, alterius sortis, quam vapor per calorem 
suscitatus ; ideo paradoxi licentia, in nominis egestate, 
halitum ilium gas vocavi non longe a Chao veterum 
secretum.” 

La Geologic Experimentale. Par Stanilas Meunier, 

Professeur de Gdologie au Museum d’histoire naturelle 

de Paris. Avec 56 figures dans le texte. Pp. 306. 

(Paris : Fdlix Alcan, 1899.) 

In this work, which has just been added to the “Bib- 
liotheque Scientifique Internationale,” Prof. Meunier 
has aimed at supplying a complete and practical 
series of experimental illustrations of as many dif¬ 
ferent geological phenomena as possible — in this 
respect going even farther than did the late M. Daubree 
in his classical “ Etudes Synthetiques de Gdologie 
Experimentale.” The work is founded on a course of 
lectures given in Natural History Museum of Paris in 
1898; and in the Geological Gallery of the Museum in 
the Jardin des Plantes may be seen the actual apparatus, 
designed by the author and others, for carrying on the 
experiments described in these pages. 

After a general introduction on the value and limits 
of the experimental method as applied to geological 
teaching and research, in which the author replies very 
effectively to the objections which have been raised to 
it, he proceeds to treat systematically with the questions 
involved in supplying experimental illustrations of geo¬ 
logical phenomena. He first deals with the results pro¬ 
duced by the action of external forces operating on the 
earth’s crust. These are classed as the phenomena of 
denudation and of sedimentation. Under the first head 
are classed the action of rain, of rivers, of the sea and 
lakes, of ice, of subterranean waters and of the wind. 
It is noticeable that the experiments, many of which 
are of a novel character, are for the most part such 
as can be performed with very simple apparatus, 
of a kind which any ingenious lecturer may readily 
provide himself with at a relatively small cost, and the 
experiments are certainly calculated to give point and 
value to the teaching they are intended to illustrate. 
The various kinds of sedimentation are treated of in the 
same way, the action of rain, rivers, seas and lakes, sub¬ 
terranean waters and wind in accumulating materials to 
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form new rocks being successively handled. In the 
second part of the work we have a series of experiments 
to illustrate the action of the internal forces at work on 
the earth’s crust. The origin of crystalline rocks, in¬ 
cluding illustrations of vitrification and devitrification, 
metamorphism, both contact and regional, and the origin 
of mineral veins are discussed in a somewhat summary 
manner, with reference chiefly to work that has been 
carried on in France ; and this division of the book ends 
with a rather speculative chapter on the more deeply- 
seated materials of the globe. The third part of the 
work deals with volcanoes, earthquakes and the produc¬ 
tion of mountain-chains. Although the treatment of the 
various questions is—perhaps necessarily—somewhat 
unequal, no teacher of geology can fail to gather from 
this work of Prof. Meunier many useful hints which will 
prove of great value in illustrating the action of the 
various forces which have contributed to the production 
of the features of the earth’s crust, while the student and 
general reader will find it equally full of suggestiveness 
and novelty. 

The Fauna of Shropshire: being an Account of all the 
Mammals , Birds , Reptiles and Fishes found in the 
County of Salop. By H. E. Forrest. Pp. viii + 248 
+ vi; illustrated. (Shrewsbury and London, 1899). 

This little book, excellent in its way as a local vertebrate 
fauna, is somewhat more than its title implies. It gives, 
for instance, a very well-written and interesting account 
of the habits of many species of British mammals, more 
especially the smaller and commoner kinds. Particular 
attention may be directed to the life-histories of the mole 
and the shrew, some of the facts in the former being new 
to us. The great feature of the book is the very excellent 
account of the mode of development and general habits 
of the British Amphibia ; this group of animals being 
apparently the author’s favourite subject of study. The 
reptiles are treated nearly as fully as the frogs and newts ; 
and here we may notice that the author considers that 
the legend of the viper’s swallowing its young may prove 
to be based on fact. A much smaller proportionate 
amount of space is devoted to the birds, for the reason 
that the author hopes to elaborate this portion of his 
subject on a future occasion. 

Although the illustrations, which are chiefly taken from 
mounted groups, are less satisfactory than they might be, 
the work may be commended not only to the naturalists 
of Salop, but to those of the British Islands generally. 

R. L. 

La Pratique du Maltage. Par Lucien Levy. Pp. 248. 

(Paris : G. Carre et C. Naud, 1899.) 

This work, which may be classed as belonging to the 
best type of modern technical literature, is based on a 
series of lectures given by Prof. Levy at the “ Institut des 
Fermentations de l’Universite Nouvelle” of Brussels. 
At present there is a very open field for such a book, for 
during recent years no other work devoted specially to 
malting has been published which attempts, like the one 
before us, to combine the scientific and practical sides of 
the question. The work will have most value to readers 
in this country for the very complete account it contains 
of recent scientific work connected with germination ; 
this is given in a very clear and concise form, and the 
most recent researches of any importance are referred to. 
The more technical portions of the book bear a conti¬ 
nental stamp, and in certain places lead us to think that 
there are some things connected with malting we do 
better in England. However this may be, the work as a 
whole is recommended to those interested in malting as 
the hest technical treatise on the subject at present pub¬ 
lished ; but it should be borne in mind that it is specially 
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written for students on the continent, where the method 
of malting differs somewhat from ours. The printing, 
paper, and binding of the book are particularly good. 

A. J. B. 

Cuiiosities of Light and Sight. By Shelford Bid well, 
M.A., LL.B., F.R.S. Pp. xii + 226. (London: Swan 
Sonnenschein and Co., Ltd., 1899.) 

Many readers will be glad to possess this collection of 
essays, in which Mr. Shelford Bidwell describes some of 
the experiments which the scientific world owes to his 
ingenuity. The five chapters in the volume are based 
upon notes of lectures delivered to various audiences ; 
and their subjects are : light and the eye, colour and its 
perception, some optical defects of the eye, some optical 
delusions, and curiosities of vision. Each subject is pre¬ 
sented with freshness of style, and elucidated by many 
simple and convincing experiments. To the popular 
lecturer on science, who desires to know how to produce 
curious and instructive optical effects, the volume will be 
very acceptable, and every physical experimentalist may 
confidently turn to it for inspiration. But though the j 
curiosities of colour phenomena, and of sight generally, i 
are chiefly described in the book, many questions of deep 
interest to students of both physical and physiological 
optics are discussed, so that the volume appeals to 
scientific as well as popular readers. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions ex¬ 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications. ] 

A Curious Salamander. 

The artificial propagation of food fishes is an important part 
of the work of the United States Fish Commission, and for this 
purpose it has a number of hatcheries or “ stations ” scattered 
throughout the Union. At each of these stations especial at¬ 
tention is given to the rearing of the fishes best adapted to the 
region in which that particular station is placed, as it would be 
useless to breed salmon or trout for the warm, 
sluggish streams of the South, or to put bass 
and carp into the cold, swift rivers of New 
England or of Michigan. The sea stations are 
devoted to the study of marine zoology, and the 
propagation of shad, mackerel, cod, lobsters and 
similar organisms that cannot be bred in fresh 
water ; while hatcheries have been put on the 
banks of several lakes at which wbitefish, land¬ 
locked salmon, lake trout and the like are 
reared. 

A few years ago a station was established 
near the town, of San Marcos, Texas, for the 
culture of black bass and “crappies.” A prime 
essential for fish hatching is a copious supply 
of water, and the supply should be as uniform 
in amount, temperature and composition as it is 
possible to obtain. If there be much sediment 
in the water, it will be deposited on the eggs 
and suffocate them ; and sudden variations in 
temperature may also be fatal. As the rainfall 
in western Texas is untrustworthy, the Commis¬ 
sion determined to bore an artesian well to 
supply the water for its new station. 

The well was bored successfully and a flow of twelve-hundred 
gallons per minute obtained from a depth of 188 feet. There 
are several such wells in this region that give this amount or 
more, but soon after the San Marcos well was opened a number 
of living animals began coming up with the water. So far, four 
kinds of Crustacea and a salamander have been seen, and of 
these quite a number have been obtained. The Crustacea are 
new to science and were described by Dr. Janies E. Benedict, 
of the Smithsonian Institution. They are white and perfectly 
blind. Most of the shrimps and crab-like animals have eyes 
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set on the extremities of stalks that project above the surface. 
The shrimps from this well have the stalks, but the eyes have 
disappeared. 

The most remarkable creature that has come from the well is 
the blind salamander, the Typhlomolge Rathbuni . The name 



Fig. i. —Typhlomolge Rathbuni , seen fro:n above. (Photographed 
by W. P. Hay.,) 

is compounded from the Greek typhlos , blind, and molge, a kind 
of salamander ; while the second term was given in honour of 
Mr. Kichard Rathbun, the Assistant Secretary of the Smith¬ 
sonian Institution, and for many years the Chief of the Division 


of Scientific Inquiry oi the Fish Commission. This animal is 
a new species and a new genus. It was described by Dr. L. 
Stejneger, of the Smithsonian Institution. The Typhlomolge is 
from three to four and a half inches in length. It has a large 
head, protruding forward into a flattened snout that bears the 
mouth. The eyes are completely covered by the skin, and are 
visible from the outside only as two black specks. Just behind 
the head are the gills. These are external and stand out in 
festoons about the neck, instead of being covered by a lid as in 
fishes. The skin is a dingy white, and the sharp contrast between 



Fjg. 2.— Typhlomolge Rathbuni , § life. (Photographed by W. P. Hay.) 
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